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(54) Title of the Invention: THIN FILM TRANSISTOR TYPE LIQUID CRYSTAL 
DISPLAY DEVICE 
(57) [Abstract] 

[Purpose] To prevent light leakage on the side of a drain electrode and to reduce 
resistance of a gate electrode in a TFT-LCD. 

[Construction] A shielding electrode 6 is formed over a drain electrode 2. The 
shielding electrode 6 is electrically connected to a counter electrode. In addition, a 
gate auxiliary electrode 12 which is electrically connected to the gate electrode 1 
through contact holes 9 to 11 is formed over the gate electrode 1. With such a 
structure, a voltage signal on the drain electrode 2 is shielded by the shielding electrode 
6 and thus the voltage signal does not enter a liquid crystal layer. In addition, the 
resistance of the gate electrode is reduced by the gate auxiliary electrode 12. 
[Scope of Claim] 

[Claim 1] A thin film transistor type liquid crystal display device characterized by 
comprising: 

a thin film transistor substrate having a plurality of gate electrodes, a plurality 
of drain electrodes which intersect with the gate electrodes, a thin film transistor 
provided at an intersection thereof, and a pixel electrode connected to a source electrode 
of the thin film transistor; and 

a counter electrode substrate which face to die thin film transistor substrate 
with liquid crystals interposed therebetween, 

wherein the thin film transistor substrate includes 

(a) a first insulating film formed over the gate electrode; 

(b) a second insulating film formed over the first insulating film and an entire surface 
but a connection portion of the source electrode and the pixel electrode; 

(c) a shielding electrode formed over the second insulating film and an entire surface 
but at least the gate electrode, where a portion under a channel portion of the transistor 
is not included, and the connection portion of the source electrode and the pixel 
electrode; 

(d) a third insulating film formed over the shielding electrode and an entire surface but 
at least the connection portion of the source electrode and the pixel electrode; 
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(e) the pixel electrode formed over the third insulating film; and 

(f) a gate auxiliary electrode formed over the second insulating film or the third 
insulating film and the gate electrode, where the portion under the channel portion of 
the transistor is not included, and electrically coimected to the gate electrode, and 

wherein a voltage inputted into the shielding electrode is made similar to a 
voltage inputted into a counter electrode of the counter electrode substrate. 
[Detailed Description of the Invention] 
[0001] 

[Industrial Field of the Invention] The present invention relates to an electrode structure 

and a pattern in a thin film transistor type liquid crystal display device. 

[0002] 

[Prior Art] For example, thin film transistor type liquid crystal display devices described 
in "Development of EID 90-6, ED 90-35, IE 90-15, and 10.4 type color TFT-LCD" 
have conventionally been known as a technology of this field. FIG 7 is part of a 
cross-sectional view which shows a structure of a thin fihn transistor (hereinafter 
referred to as a "TFT") described in the above-described document and the like. 
[0003] Conventionally, such an inversely staggered type structure as shown in FIG 7 
has mainly been employed as a TFT structure in a thin fihn transistor type liquid crystal 
display device (hereinafter referred to as a "TFT-LCD"). That is, following the 
formation of a gate electrode 32 in a lowest layer, a gate insulating film 34, a 
semiconductor layer 35, and an ohmic junction layer 36 are formed. Then, 
drain-source electrodes electrodes 37 and 38 are formed. As for a pixel electrode 33, 
there are a method which forms the pixel electrode 33 after the drain-source electrodes 
37 and 38 are formed as shown in FIG 7 and a method which forms the pixel electrode 
33 before the drain-source electrodes 37 and 38 are formed, and either method is 
employed. Then, a passivation film 39 is provided. 
[0004] 

[Problems to be Solved by the Invention] However, in the case of the TFT structure as 
described above, there has been the following problems. First, only an insulating film 
is interposed between a drain electrode and a liquid crystal layer. Accordingly, a signal 
of the drain electrode aflfects the liquid crystal layer and the liquid crystal layer is made 
to operate. Consequently, light leakage occurs on the side of the drain electrode and 
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contrast is reduced. 

[0005] Second, in a case where an auxiliary capacitor for improving storage 
characteristics of a pixel voltage during a one-frame period, there is only a method 
whereby the auxiliary capacitor is formed using the prior gate electrode. This method 
has a disadvantage in that a capacitor load of the gate electrode is increased, in which 
the capacitor load is the cause of distortion of a gate pulse inputted into the gate 
electrode. It is an object of the present invention to provide a TFT-LCD excellent in 
display quality, with the solution of problems such as light leakage on the side the drain 
electrode and distortion of a gate pulse when the auxiliary capacitor is formed, as 
described above. 
[0006] 

[Means for Solving the Problem] According to the present invention, in a TFT-LCD 
provided with a TFT substrate having a plurality of gate electrodes, a plurality of drain 
electrodes which intersect with the gate electrodes, a TFT provided at an intersection 
thereof, and a pixel electrode connected to a source electrode of the TFT; and with a 
counter electrode substrate which face to the TFT substrate, with liquid crystals 
interposed therebetween, where the TFT substrate includes a first insulating film formed 
over the gate electrode; a second insulatmg film formed over the first insulating film 
and an entire surface but a connection portion of the source electrode and the pixel 
electrode; a shielding electrode formed over the second insulating film and an entire 
surface but at least the gate electrode, where a portion under a channel portion of the 
TFT is not included, and the connection portion of the source electrode and the pixel 
electrode; a third insulating film formed over the shielding electrode and an entire 
surface but at least the connection portion of the source electrode and the pixel 
electrode; the pixel electrode formed over the third insulating fihn; and a gate auxiliary 
electrode formed over the second insulating film or the third insulating film and the gate 
electrode, where die portion under the channel portion of the TFT is not included, and 
electrically connected to the gate electrode, and a voltage inputted into the shielding 
electrode is made similar to a voltage inputted into a counter electrode of the counter 
electrode substrate. 
[0007] 

[Operation] According to the present invention, the TFT-LCD is formed to have such a 
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structure; therefore, a voltage signal of the drain electrode is shielded by the shielding 
electrode; thus, the voltage signal does not affect the liquid crystal layer. A storage 
capacitor formed between the shielding electrode and the pixel electrode reduces shift 
down of a pixel electrode voltage, which is due to parasitic capacitance between 
gate-source electrodes, and improves storage characteristics of the pixel electrode 
voltage. Further, since the gate auxiliary electrode is connected to the gate electrode, 
the resistance and capacitance of the gate electrode are reduced. 
[0008] 

[Embodiment] Hereinafter, embodiment of the present invention will be described in 
detail with reference to the drawings. FIG 1 is a plan view which shows an electrode 
pattern of a TFT substrate in embodiment of the present invention, FIG. 2 is a 
cross-sectional view of a channel portion (A-A' of FIG 1 ) in a TFT of a TFT substrate 
in embodiment of the present invention, FIG 3 is a cross-sectional view of part (B-B' of 
FIG 1) of a TFT substrate in embodiment of the present invention, and FIG. 4 is a 
cross-sectional view of part (C-C of FIG 1) of a TFT substrate in embodiment of the 
present invention. Hereinafter, the structure of embodiment will be described in detail 
with reference to FIGS. 1 to 4. 

[0009] First, as shown in FIGS. 1 and 2, in a basic structure of an electrode pattern of a 
TFT substrate in this embodiment, a transistor is formed between a source electrode 3 
with a semiconductor layer 5 serving as a channel and an intersection of a gate electrode 
1 and a drain electrode 2, and the source electrode 3 and a pixel electrode 4 are 
electrically connected to each other through a first contact hole 7. Then, as shown in 
FIGS. 2 to 4, a first insulating film 15 which functions as a gate insulating film is 
formed over an entire surface of the lowest formed gate electrode 1, where the portion 
of a third contact hole 9 is not included. Note that as shovra in FIGS. 2 and 4, in this 
embodiment, the surface of the gate electrode 1 of the channel portion and at the 
intersection of the gate-drain electrodes 1 and 2 is anodized, and a gate anodized film 13 
for preventing a short between the gate-drain electrodes 1 and 2 is formed. 
[0010] In addition, in FIG 3, the gate anodized film is not fomed over the gate 
electrode 1 so as to electrically coimect the gate electrode 1 and a gate auxiliary 
electrode 12 to each other through the third contact hole 9. The semiconductor layer 5 
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is formed in the pattern shown in FIG. 1, over this first insulating film 15. The 
semiconductor layer 5 may theoretically be formed only at the chaimel portion of the 
transistor; however, this pattern is employed for reduction and the like of a short 
between the gate-drain electrodes 1 and 2. 

[001 1] An ohmic junction layer 14 is formed over this semiconductor layer 5; however, 
the ohmic junction layer 14 is formed in portions where the drain electrode 2 and the 
source electrode 3 each overlap with the semiconductor layer 4 as a pattern thereof 
because the ohmic junction layer 14 should not be formed at least at the channel portion 
of the transistor. Although this pattern is not necessarily employed in the ohmic 
junction layer 14, this pattern is employed because of the same reason as the above. 
[0012] The drain-source electrodes 2 and 3 are formed over this ohmic junction layer 14 
in the pattern as shown in FIG. 1. This pattern is just a general one. A second 
insulating film 1 6 is formed over an entire surface of the drain-source electrodes 2 and 3, 
where the first contact hole 7 and a fourth contact hole 10 are not included, as shown in 
FIGS. 2 to 4. A shieldmg electrode 6 is formed over this second insulating film in the 
pattern shown in FIG 1. That is, the shielding electrode 6 is formed over an entire 
surface, where the gate electrode 1, the first contact hole 7, and a second contact hole 8 
are not included, and in a direction parallel to the gate electrode 1. As will be 
described in detail, these shielding electrodes 6 are electrically connected to an outer 
portion of a TFT array and form one electrode. This shielding electrode has to be 
transparent. 

[0013] There is a third insulating film 17 over the shielding electrode 6. This third 
insulating film 1 7 is formed over an entire surface but the second contact hole 8 and a 
fifth contact hole 11. The pixel electrode 4 and the gate auxiliary electrode 12 are 
simultaneously formed over the third insulating film 17 in the pattern shown in FIG 1. 
This pixel electrode 4 is electrically connected to the source electrode 3 through the first 
contact hole 7 of the second insulating film 16 and the second contact hole 8 of the third 
insulating fihn 17. In addition, the gate auxiliary electrode 12 is electrically connected 
to the gate electrode 1 through the third contact hole 9 of the first insulating film 15, the 
fourth contact hole 10 of the second insulating film 16, and the fifth contact hole 11 of 
the third insulating film 17. Further, although the gate auxiliary electrode 12 is formed 
in almost the same pattern as the gate electrode 1, the gate auxiliary electrode 12 and the 
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drain electrode 2 are not electrically connected to each other at an intersection thereof 
because there are the second and third insulating films 16 and 17 as shown in FIG. 3. 
Note that even when the gate auxiliary electrode 12 is formed simultaneously with the 
shielding electrode 6 but not with the pixel electrode 4, almost the same advantageous 
effect can be obtained. In this embodiment, a structure is employed in which a short 
between the drain electrode 2 and the gate auxiliary electrode 12 does not occur easily. 
[0014] As apparent from FIQ 4, a capacitor can be fabricated between the pixel 
electrode 4 and the shielding electrode 6 in this embodiment. That is, when seen from 
the pixel electrode 4, there is the shielding electrode 6 thereunder with the third 
insulating film 17 interposed between the pixel electrode 4 and the shielding electrode 6. 
Therefore, this fonns a capacitor between the pixel and the shielding electrodes. 
Meanwhile, it can be found that a capacitor is formed in parallel to liquid crystals which 
are over the pixel electrode 4. Note that in this embodiment, as shown in FIG 1, the 
shielding electrode 6 is formed so that the pattern thereof entirely overlaps with the 
pattern of pixel electrode 4. Alternatively, part of the shielding electrode 6 can also be 
made to overlap with the pixel electrode 4 by making the shielding electrode 6 small, 
depending on the size of the capacitor between the pixel and the shielding electrodes. 
[0015] FIG 5 is an equivalent circuit diagram of one pixel of the TFT-LCD in the 
embodiment of the present invention. In the figure, there is a transistor 18 at the 
intersection of the gate electrode 1 and the drain electrode 2. When the gate electrode 
1 is turned on, a drain signal of the drain electrode 2 is written into the source-pixel 
electrodes 3, 4, and a liquid crystal 19 operates by a potential difference from a counter 
electrode 20. Here, as seen from the pixel electrode 4, the shielding electrode 6 has a 
capacitor in parallel with the liquid crystal as shown in this figure. In addition, the 
shielding electrode 6 is also formed over the drain electrode 2 as shovra in this figure. 
Therefore, each is shown as a capacitor 21 between the pixel and the shielding 
electrodes and a capacitor 22 between the shielding and the drain electrodes. 
[0016] From this figure, when the gate electrode 1 is turned on, it is found that a voltage 
signal in the drain electrode 2 is written into the source-pixel electrode 3, 4 through the 
transistor 18. At this time, the capacitor 21 between the pixel and shielding electrodes 
which is between the shielding electrode 6 and the pixel electrode 4 is inserted in 
parallel with the liquid crystal 19, the liquid crystal 19 has preferable voltage storage 
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characteristics. In addition, the drain electrode signal is shielded by the shielding 
electrode 6 because the shielding electrode 6 is formed also over the drain electrode 2. 
In addition, because the liquid crystal over the drain electrode 2 is interposed betv/een 
the shielding electrode 6 and the counter electrode 20, the liquid crystal does not operate 
if a potential difference between the counter and shielding electrodes 20, 6 is a threshold 
voltage Kih or less of the liquid crystal. Therefore, since the liquid crystal over the 
drain electrode 2 does not operate, light leakage does not occur on the side of the drain 
electrode. 

[0017] Further, shift down of a capacitor between the gate and source electrodes at gate 
off of a pixel voltage can also be reduced by the capacitor 21 between the pixel and 
shielding electrodes. In addition, the shielding electrode 6 does not overlap with the 
gate electrode 1 and the gate auxiliary electrode 12 is connected to the gate electrode 1; 
therefore, the resistance and capacitance of the gate electrode can be low and distortion 
of the gate voltage can be extremely low. 

[0018] FIG 6 is an electrical block diagram of the TFT-LCD in the embodiment of the 
present invention. A gate driver 23, a drain driver 24, and a counter electrode signal 
25 are also provided in the conventional TFT-LCD, and only a shielding electrode 
signal 25 is added thereto in this embodiment; thus, the circuit is not complicated. For 
the matter what this shielding electrode signal 25 should be, this is preferably the same 
signal as the counter electrode. This is because, since the shielding electrode 6 over 
the drain electrode 2 faces to the coimter electrode 20 with the liquid crystal interposed 
therebetween, the liquid crystal operates if a potential difference generates which is a 
threshold voltage Va, or more of the liquid crystal. Therefore, there may be DC 
components which do not make the liquid ciystal operate between voltages which are 
applied to the counter electrode signal 25 and the shielding electrode signal 26. The 
easiest way is to connect electrically the counter electrode 20 and the shielding 
electrode 6 somewhere in the TFT-LCD panel. 

[0019] Note that the present invention is not limited to the above-described embodiment 
and various modifications are possible based on the spirit of the present invention, and 
such modifications do not depart from the scope of the present invention. 
[0020] 

[Effect of the Invention] As described above in detail, according to the present invention. 
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the shielding electrode is provided over the drain electrode and is given with potential 
similar to that of the counter electrode, so that the liquid crystal over the drain electrode 
does not operate. Consequently, light leakage on the side of the drain electrode can be 
prevented from occurring. 

[0021] In addition, since the capacitors can be formed between the shielding electrode 
and the pixel electrode, a pixel voltage storage characteristics during one frame is 
fevorable and shift down of a pixel voltage when a gate voltage is off is reduced. 
Consequently, the contrast is improved. Further, the gate auxiliary electrode is 
deposited over the gate electrode, so that the resistance value of the gate electrode is 
reduced. As a result, there is no distortion of the gate voltage pulse. 
[Brief Description of the Drawings] 

[FIQ 1] A plan view which shows an electrode pattern of a TFT substrate in 
embodiment of the present invention, 

[FIG 2] A cross-sectional view of a channel portion of a TFT of a TFT 
substrate in embodiment of the present invention. 

[Fia 3] A cross-sectional view of part (B-B' of FIG 1) of a TFT substrate in 
embodiment of the present mvention. 

[FIG 4] A cross-sectional view of part (C-C of FIG 1) of a TFT substrate in 
embodiment of the present invention. 

[FIG. 5] An equivalent circuit diagram of one pixel of a TFT-LCD in 
embodiment of the present invention. 

[FIG 6] An electrical block diagram of a TFT-LCD in embodiment of the 
present invention. 

[FIG 7] Part of a cross-sectional view of a conventional TFT substrate. 
[Description of the Numerals] 
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5 semiconductor layer 

6 shielding electrode 
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